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SUMMARY

An investigation was conducted to determine the effect of modifica-
tions made in the propulsion system of a single-engine airplane to sub-
stantially reduce its external noise and, thereby, to evaluate the
significance of the external noise level of an airplane with regard to
the problem of its detection by ground observers. Conventional noise-
level measurements consisting of broad- and narrow-band frequency ansl-
yses were made for static tests on the ground. Also, listening data
with the ald of ground observers were obtained for crulise flights as
well as for take-offs, lendings, and power-off glides.

Modifications to the propeller and exhaust system of the airplane
resulted in overall noise-level reductlons of approximately 15 decibels
at cruise power and 20 decibels at take-off power. Engine exhaust noise
seemed to be the main component at cruise power, whereas the propeller
noise was the main component at take-off power. The modified airplane
was not so easily audible to ground observers as was the unmodified air-
plane. For the particular environment of the present tests in which the
background noise level was sbout 4O decibels, the unmodified airplane
was detected at distances on the average about twice as great as those
for the modified airplane. These differences are less than would be pre-
dicted on the basis of the assumption that there were no losses of energy
caused by the effects of the atmosphere and of the intervening terrain.

The test results indicate that the external nolse-level character-
istics of the airplane, the propagation phenomens pecullar to the ter-
rein over which the noise travels, and the smbient or background nolse
condltions near the observer are all significent factors 1n aural detec-
tion by ground observers.

INTRODUCTION

The object of the present study is to evaluate the significance
of the externsl noise level of an alrplane with regard to the problem
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of its detection by ground observers. A need was stated for a single-
engine alrplane which would have a very low external nolse level and
which would stlll have a useful paylosd for special missions. These
requirements led to the modiflecation of an airplane to reduce ite nolse
substantially (ref. 1). Although this airplane is larger and more power-
ful than those for which the work of references 2 and 3 was accomplished,
the resulting modifications, which included increasing the number of pro-
peller bledes, reducing the tip speed, and adding exhsust mufflers, were
similer in nature.

In order to evaluaste the modifications to this airplane, tests were
made to measure external nolse levels, as In the work of references 2
and 3, and also some listening tests by ground observers were performed.

A brief description is given of the airplane, the modiflcatlons
made to it in the interest of noise reduction, and the results of nolse
measurements and listening tests conducted with the unmodified and the
modified airplanes to evaluate the effectiveness of these modifications.
Of particular interest are the results of the listening tests made by
ground observers to determine the distances at which aural detection
wag possible in the presence of a very low background nolse. Although
the data presented apply directly to these specific test condltions, an
attempt is made to interpret the results in & general way to define some
of the significant factors in the aural detection problem.

SYMBOLS
B nurber of blades
b propeller blade chord, ft
D propeller diameter, £t
£ fundsmentel cylinder firing frequency (f = %}
h propeller blaede section maxlimum thickness, £t
k propagation loss coefficient, db/1,000 ft
L noise level, db
[/ distance, ft

Ly .overall noise level, db
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m order of harmoniec

N engine speed, rpm

P power to propeller, hp

R propeller tip radius, ft

r radial distance to blade element, £t

X meximum distance of detectlon measured from center line of
runway, £t

¥ distance of aircraft from observer along center line of run-
way, £t

B propeller blede angle, deg

BO.TﬁR propeller blade angle at the 0.75 radlius station, deg

¥ elevation angle of aircraft from ground observer, deg

¥ azimuth angle measured in clockwise direction with 0° at
front of aircraft, deg

Subscript:

1 at a gliven station

APPARATUS AND METHODS

Description of Aircraft

Data were recorded for both an unmodified airplane and for one
which was modified as shown in figure 1. Some of the significant char-
acteristics of the two alrplanes are given in taeble I. The unmodified
airplane is a single-engine high-wing monoplene having a gross weight
of 8,000 pounds, a useful load of 3,906 pounds, and e cruise speed of
106 knots. It is powered by a nine-cylinder four-cycle engine rated
at 600 horsepower. The alrplane is fitted with a three-blade variable-
pitch metal propeller 11 feet in dlemeter. The blade-form curves for
this propeller are given in figure 2(a). The propeller is geared to
rotate at two-thirds of the engine speed. There are four ejector-type
exhesust ports. Three of these each carry the exhaust gases from two
cylinders, and the fourth exhausts the remaining three cylinders.
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The modified airplane incorporated changes in the propeller, the
gearbox, the engline exhaust system, and the englne cooling system. The
fixed-pitch propeller incorporated five l2-foot-dismeter wooden blades,
and rotated at one-third of the engine speed. The blade-form curves for
this propeller are given in figure 2(b). The ejector exhaust system of
the unmodified airplane was changed to include a collector ring and twin
exhsust mufflers such as shown in figure 3 and 1n reference 1. These
changes in the propeller and in the exhaust system also necessitated
internal changes in the standard gearbox and the incorporation of cooling
fleps in the englne cowling. The resultant back pressure on the engine
was legs with the mufflers then with the standard ejector tubes.

It was noted in reference 1 that the total weight penalty for the
modified airplane was epproximately 250 pounds, 75 pounds of which is
asslgned to the mufflers. It was estimated in reference 1 that the
total welght penslty could be reduced to about 125 pounds by careful
design.

The fully modified airplane cruised at 96 knots in comparison with
106 knots for the unmodified airplsne. A lose in speed of sbout 4 knots
is thought to result from muffler drag and loss of ejector thrust. The
remaining speed loss 1s believed to be caused by the fact that the fixed-
pitch propeller was not set at the optimum pitch setting for the cruise
condition. There need not necessarily be any appreciable cruise penalty
assocliated with the operation of a multiblade propeller such as this;
in fact, the experience cited in reference 2 for s five-blade propeller
configuration and an internally mounted muffler Indicated that an increase
in crulse speed was obtained.

Noise Measurements

Nolse measurements were made during both the static tests on the
ground and the flight tests. During static tests on the ground, measure-
ments were made at ground level at a distance of 50 feet for cruise and
take-off power conditions and at various azimuth angles on both sides of
the sirplane. Broed-band date were measured wlith the aid of a sound
level meter and octave band analyzer. Simultaneocus FM and AM megnetic
tape recordings of the outputs of two condenser-type microphone systems
were also mede for obtalning subsequent narrow-band frequency analyses.
The FM system covered the range from 5 cycles per second to 1,500 cycles
per second and the AM system covered the range of 100 cycles per second
to 10,000 cycles per second. Of particulasr interest are the narrow-band
analyses (5 cycles per second band width) of the FM tape records, &
sample of which is shown in figure 4. Most of the significent engine
and propeller noise components occur in the range below about 350 cycles
per second. Consequently, only the FM records were analyzed as In
figure 4.
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In the flight tests some magnetic tape recordings were made of the
airplane flylng directly over the cobgservation point. In asddition, sev-
eral broad-band spectra were measured with the sound level meter and
octave band analyzer as the alrplane passed by in cruise at altitudes
of 300 and 1,000 feet and also In take-off and landing.

Listening-Test Methods

In the listening tests a listener and a recorder were stationed
together at an observation point on the ground. The listeners were not
permitted to see the alrplane, but were alert at all times to the fact
that an esirplane was in the vieinity and thus made a deliberate effort
to listen for it. During the time that the airplane flew a predeter-
mined flight path, the listener would indlcate to the recorder whether
or not he could hear the sirplane. The recorder made appropriate notes
and recorded times measured with a stop watch in order that the data
could be interpreted subsequently in terms of airplane distance and
orientation from the observer. At least two cbserver teams were used
in all listening tests, and in some of the tests three teams were used.

The audiogrems for all six observers (designated hereafter by two
initials) are given in figure 5. Hearing losses in decibels are shown
for various test frequencies. All the observers except AS were Judged
to have normal hearing. The consistent hesring deficiencles at the lower
frequencies, as indicated in figure 5, are not believed to be significant
and are thought to result from adverse background noise conditions
existing during the audiometric tests.

Test Condltions

Weather.- The statle ground tests were conducted with the airplane
headed into the wind, the wind veloclty averaging 7 to 10 knote for these
tests. Wind velocities during all other tests varied between 3 and
9 knots. Ambient temperatures in the range of 80° to 90° F existed
during the ground and flight tests. Relative humidity was approximately
55 percent.

Ambient noise.- Two different background noise conditions existed
as noted in figures 6 and 7. For the tests conducted at Langley Field, Va.,
the average background nolse spectrum given in figure 6 applied. For pur-
poses of comparison, some nolse spectra measured in a quiet resldential
area of the city of Chicago (ref. 4) are included. It can be seen that
the Langley Field background nolse, which 1s exclusive of air traffic
noise, is generally higher than the residentisl area noise at night, but
is compareble to the residential area noise in the daytime with the excep-
tion of the lowest octave bands. These higher levels at Langley Field
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in the low frequencles are belleved to be caused by the operation of
large rotating machines which normally are not present in residential
areas.

For the tests conducted at the West Point (Va.) Municipel Airport
the background noise was relatively low. The average background nolse
spectyum in the area is given in figure T along with evallable measure-
mente in other environments where the noise erises from natural phe-
nomens,. The measured data fall well within the hatched area which
represents date from reference 5 and shows the normel range of noise
levels in nature detectable by man. These nolses are mostly caused by
wind and alr turbulence, especlally as the air flows through trees and
other vegetation. Noises due to llght surf, such as are illustrated by
the top curve, may be of higher level but are similar in spectrum shepe.

Terraln features.- The location of the West Polnt Municipal airport
relative to prominent terrain features in the ares, the elevations of
surrounding land, and the type of vegetation present are indicated in
figures 8 and 9. Figure 8 1s a composite photograph of four adjoining
coast and geodetic survey maps of the aree over which the flights were
mede. The region is generally flat, the extreme variations in elevation
being about 100 feet.

The airport aree in which the observers were located is about two
miles from the center of town end is surrounded by wooded and marshy
areas which are sparsely populated. A better appreclation of the types
of vegetation and foliage Iin the area near the observer stations can be
gathered from figure 9, an obligue aerial photogreph teken from en altil-
tude of 10,000 feet. In this figure are Iindlicated runwsys 1, 2, and 3
used during the tests and also the observer stations designated A, B,
end C. The terrain varies from heavily wooded to open as azimuth angle
from an observer station changes, and this variation is a significant
factor in the listening tests.

RESULTS AND DISCUSSION

Measurements of Airplane External Noise

The results of static ground tests are presented in tables II to V.
Omissions in these tables indicate that either no measurements were made
or reliable data were not obtained.

Static ground tests.- The overall levels and octave-band frequency
analyses of the noise for the take-off-power condition (50.753 = 25.50)

are presented in table II for a distance of 50 feet and are illustrated
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by the curves of figures 10 and 11. Figure 10 shows a comparison of

the poler distributions of the overall noise from the two airplanes.

The overall levels for the unmodified airplane vary from 115 to 121 deci-
bels, the higher levels occurring behind the propeller plane of rotation.
The overall noise levels of the modified asirplane vary from 93 to

97 decibels, and the radiation pattern is somewhat more nearly symmetri-
cal. The overall noise reduction at take-off power is seen to be of the
order of 20 decibels. The maximum reductions as seen in figure 11 for
field points in the plane of the propeller occur in the octave bands
below about 1,200 cycles per second in the range where the slgnificant
propeller and engine frequencies are known to occur.

For the crulse-power condition (BO TR = 31?) data were recorded

for two additional modifications of the airplane. (See figs. 12 and 13.)
The noise was measured from the airplane with the three-blade propeller
and gearbox but with the mufflers and collector ring instelled. Then
the mufflers were disconnected, and the measurements were made with the
collector ring and two stub exhaust ports. During this particular series
of tests, it was noted that internal damage had been sustained in the
first baffle of the muffler. Desplte this damage, the muffler seemed

to be fairly effective, as indicated by the data of figures 12 and 13
end table ITIX. '

The overall noise levels at various szimuth angles for the ailrplene
without modifications and with all three modifications are given in
figure 12. The corresponding spectra at fleld points in the plane of
the propeller are shown in figure 13. By changing the exhsust system
to & collector ring and twin exhaust ports, there was a small overall
noise reduction. This reduction occurred meinly at the lower frequencies,
Dbrobably because of cancellatlon of some of the low-order engine-exhaust
harmonics. The addition of mufflers produced substantial overall noise
reductions at all azimuth angles. These reductions occurred in all
octave bands except the lowest, in which the propeller noise components
were most significent. The addition of the five-blade propeller (modi-
fied alrplane) resulted in a further decrease in the noise, particularly
in or near the plene of the propeller. Since these reductions occurred
in the first two octaves, it 1s indicated that the propeller had been
the main contributor in that frequency range.

Tables IV and V show that before modification the engine noilse was
the main contributor. After modification, in which the engine and pro-
peller noises were both reduced, the engine exhaust noise apparently
dominated at cruise and the propeller dominated at take-off. Included
in tables IV and V are analyses of the noise measured under the engine
cowling. These data were obtained only on the unmodified airplane during
both take-off and cruise power. An analysis of the date showed that no
frequencies were noted in additlon to those associated with the exhaust
of the engine.
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Flight tests.- The overall noise levels and octave-band frequency
analyses of the noise for various flight conditions of the modified and
unmodified airplanes are given in figures 14 to 16. Figure 1h presents
the overall levels as measured at a point on the ground at Langley Field
for both airplanes during "fly-over" at a 300-foot altitude. The over-
all levels are plotted as a function of horizontal distance in feet from
the observation point. The nolse of the modified airplane exceeded the
background noise of 67 declbels for a total distance of asbout 4,400 feet.

The spectra for the modified airplane corresponding to the condition
of maximum nolse of figure 14 are glven in figure 15. Noise levels in
various octave bands are shown for altltudes of 300 and 1,000 feet, Also
shown in the figure is a curve for the unmodified airplane. This curve
has been estimeted on the basis of lncomplete measured data. The levels
plotted are the meximum recorded as the alrplane passed overheed. These
date were recorded at the West Point Municlpal Airport, for which the
average background noise is shown by the lower curve replotted from

figure T.

Date were also recorded for both the modifled and the unmodified
alrplanes during low-level glides in an attempt to measure the airframe
noise. These frequency spectra are shown in figure 16 for the unmodified
airplane at airspeeds of 56 and 104 knots, together with those for the modi-
fied alrplane at 56 knots for comparison. Data were obtained at 56 knots
for the modified airplane with the engine both on and off, and the results
were essentlally the same. It was not possible during any of these tests
to stop the propeller from turning and, hence, the data include not only
eirframe nolse but also propeller and engine noise. During comparsasble
tests lower nolse levels were obtained with the modified airplane, even
though the airspeed was the same. One possible explanation is that the
mufflers substantlally reduced the engine nolse of the modified alrplane.
The data of figure 16 for a speed of 56 knote thus apply directly to a
normal landing of the modified airplane and to a power-off landing of
the unmodified airplane. Dats are alsc included for a two-place llaison
airplane in s power-off glide during which the engine and propeller were
not rotating. This is an estimated curve for an alrspeed of 56 knots
baged on measurements at other alrspeeds, and the data are presented as
a matter of interest to indicate the order of megnitude of the alrframe
nolse of an alrplane having a gross welght of about 1,500 pounds and
about 25 percent of the surface area of the unmodified airplane. Tt
seems reasonable to suggest that the alrframe noise of the unmodified
and the modified ailrplanes would be less than the spectrum for the
power-off gllde of the modified alrplane and sbove that for a two-place
ligison alrplane.

Listening-Test Data

In addition to making physical measurements of the nolse, some
attempts were made to evaluate the airplane modifications in terms of the
distance at which aural detection was possible by observers on the ground.
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Take-offs.- Most listening data during take-offs were obtained with
the aid of two observer teams located at the West Point Municipal Airport
at various distances along runway 1 with the alrplane operating from
runway 2. (See fig. 9.) Ground roll started at the east end of runway 2,
and in all cases the slrplane wes about 10 feet in the air at the inter-
section of runways 1 and 2. For the modified alrplane it was found that
up to a distance of 3,500 feet, the observers were sble to hear the alr-
plane from the ground roll until a considerable part of the climbout had
been accomplished. At a distance of 4,000 feet, however, the ground roll
was not detected nor was any aural detection mede until the airplene had
gained an altitude of about 50 feet and was then sbove the foliage. Thus,
1t can be noted here that the transmission losses are larger when the
alrplene i1s near the ground level. As a matter of interest, for this
case in which the elevation angle 7 was essentially zero the inter-
vening terraln was open, whereas for the case in which the elevation
angle was 0.7° the intervening terrain was thinly wooded.

Some data were also taken for teke-offs on runway 3 wilth observers
at station C. As can be noted in figure 9, observer station C is located
in a small heavily wooded aree. In thls location, detection was not
possible for a distance of 2,500 feet until an sltitude of about
50 to 100 feet was obtalned. The noise attenuation seemed to be greater
than for open terrain, even for somewhat larger elevation angles.

Landings.- For the same deployment of cobservers and similar test
conditions, date were also obtalned for landings of the modified alr-
plane. The distance to initial detection varied somewhat but, In general,
it decreased as the observers were moved slong runway 1 away from runway 2.
(See fig. 9.) It is interesting to note thet the most distinctive feature
of the landing was the tire screech. The observers, after initially
detecting the airplane on its approach, sometimes lost contact as it
flared out at low level, but in most cases they noted the tire screech.
For tests conducted with observers in the wooded region at C a landing
at a distance of 2,300 feet from the observer was barely detectable.

Cruise flight.- The listenling data. obtained for the cruise flight
conditions are given in tables VI end VII. Table VI pertains only to
the modified sirplane and gives the observations of the first set of
observers (VH, AS, and BM) for flights at 300- and 1,000-foot altitudes.
Data were obtained at both observer locations A and B for flights per-
pendicular to runway 1. The distances x end y of table VI which are
defined in the sketch shown with the table are noted to be preceded by
either a plus or minus sign, depending on the quadrant in which they are
measured, in conformity with standard coordinate notation. The data of
table VII are presented by means of the same notation. These data were
obtained with the aid of the second set of observers (JM, WM, and GK) and
apply to both the modified and the unmodified airplanes. For purposes
of illustration, the data of table VII have been plotted in figures 17
and 18.
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Figure 17(a) shows the results of listening tests of the unmodified
airplane at an altitude of 300 feet along with its approximate flight
path during the tests. The data for the three observers are plotted at
the appropriate x- and y-coordinates. The 80lid symbols in all cases
relate to points of initial detection, whereas the open symbols are for
terminal points. The amount of scatter can be seen directly from the
figure and 1s noted in extreme cases to be as much as 100 percent of
the averege value. The heavy line is drawn through these average observed
distences as an ald in interpreting the results. It follows by definition
that 1f the airplane was at & coordinate station within the curve, it
would be detected, whereas the reverse 1s true at a coordinate station
outside the curve. From the figure it can be seen thet the average
detectlion dlstance in the x-direction varied from nesr zero to about
25,000 feet, depending on the distence y of the airplane flight path.

In the y-directlion detection was possible up to 22,500 feet, but it
should be noted that the tests were not extended to a sufficient distance
to determine the maximum value in the y-direction.

Results of similer tests for the unmodified airplane at an eltitude
of 1,000 feet are given in figure 17(b). For these conditions, which
except for sltltude were comparable to those of figure lT(a), the same
observers were able to detect the alrplane at generally greater distances
in all directions. Thus, it can be concluded that the sltitude of flight
is significent, the lower altitude being more desirable if detection by
ground observers 1s to be minimized. This result suggests that the
terrain over which the noise propagates affects its propagation and intro-
duces some significant losses.

Listening data obtalned by the same observers for the modified air-
plane are glven in figure 18. By comparing the data of figure 18 at two
altitudes, 1t cen be seen in general thet the modified alrplane can also
be detected at greater distances at the higher altitude.

In comparing the data of figure 18 with those of figure 17, it can
be seen that the detection distances assoclated with the vwnmodified alr-
plane are approximately twice those of the modified airplane for com-
parable conditions. This result would be expected; however, the differ-
ences are less than would be predicted on the basis of the assumption
that there were no losses of noise energy caused by the effects of the
atmosphere and intervening terrain.

Several other significant results of the tests mey be observed from
figures 17 and 18. It was Judged that the modifled airplane could be
detected better when 1t was upwind than when it was downwind, although
surface winds of only low velocity were encountered. In general, the
terminal detection distance was greater than the initisl detection dis-
tance, probably partly because of the fact that the noise characteristics
of the airplane differ somewhat as a function of azimuth engle. It can
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be seen that the regions of detection in the figure are not symmetrical
about the observer station. Thls dissymmetry is probably caused, in
part, by the characteristics of the atmosphere and the airplanes and
perhaps more significantly by the effects of variastion in the terrain on
the noise propagation. For instance, propagation in a generally north-
south direction from the observer stations A and B is essentially over
open terrain, as can be noted in figures 8 and 9. In other directions,
where the losses were apparently higher, the intervening terrain was
partly wooded.

In summary of the listening tests, there are strong indications that
the terrain intervening between the source and the observer exerts a signi-
ficant influence on the noise propegation. Because of the apparent impor-
tance of these phenomena with regard to the problems of noise propagabtion
in general and of aural detection in particular, they are analyzed and
glven in more detail in the succeeding sections.

Noise Propagation Over Long Distances

The avallable informstion relating to propagation over long &is-
tances and in particular for traensmission paths close to the surface of
the earth has been used as an aid in interpreting results of the present
tests. A brief discussion of the concepts involved are included herein.

If the noise level I, 1in decibels is known at a given distance 1,

then the noise level L at any other distance 1 may be expressed by the
following relation from reference 6:

L =Ly - 20 loglo(zil) - [k(l - zl)] (1)

where the first term involving distance 1ls the expression for the classi-
cal spreading of a spherical wave, and the term in the brackets accounts
for losses incurred because of atmospheric and terrain effects. The
coefficient k 18 conventionally expressed in terms of decibels per
thousand feet of distance. For short distances the term in brackets is
negligible and the reduction 1s caused only by normal spreeding. For
long distances 1t 1s known that atmospheric losses can be sppreciable,
especially for the high frequencles, as shown by the curve of figure 19.

Nolse attenustion in decibels per thousand feet of distance is
plotted for the various octave bands based on messured data of reference 7.
These results epply directly to an airplane passing overhead, in which
case propagation 1s nearly vertlcal to a ground observer. The losses
shown in figure 19 are considered to be caused by atmospheric effects
such as turbulence, refraction, conduction, humidity, absorption, and
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so forth (ref. 8), and are measured in addition to normsl spreading.

It can be seen from the figure that rather large attenuations are caused

by these stmospheric phenomene at the higher audible frequencies, whereas
these effects are negligible at frequencies below 600 cycles per second.

The information Jjust clted has been used as an aid in interpreting
results of the present tests as, for example, 1n figure 20. These data
are spectra of the noise from the modified airplane at the observer sta-
tion for various distences from the alrplane during take-off. The data
for the solid curve was measured during the tests at a distance of
220 feet, whereas the data for the dashed curves were calculated by
using the atmospheric loes coefficients of figure 19. It can be seen
that the atmospheric losses atienuate the high frequency part of the
spectrum at a rapld rate and at the same time have little or no effect
on the lower frequency bands.

For the purposes of the present tests it has been assumed that
detection is possible at least to the distance where the airplane noise
spectrum becomes equal to the background noise in the viecinity of the
observer. For the conditions of figure 20 this detection distance is
between the limits of 16,000 to 64,000 feet, and it appears that the
frequency band of 150 to 300 cycles per second is most significant in
detection.

In order to permit examination of the propagation phenomens for this
frequency band in more detail, figure 21 has been prepared. Noise levels,
in the 150 to 300 cycles per second band are shown as a function of dis-
tance 1 in feet. The solid line is calculated by use of equation (1)
and accounts for normel spreading end for the case where atmospheric
losses are zero for this frequency band but does not account for losses
induced by the terrain. By these latter assumptions the nolse from the
alrplane becomes equal to the background noise at a distance 1 of
about 37,000 feet, and detection should be possible to that distance.

For the test condition where the nolse propagated over partly wooded
terrain the actual observed detection distance was 4,000 feet for an
elevation angle ¢y of O. 70 If it 1s assumed that the losses are incurred
uniformly over the distance, then the dashed curve as shown would apply,
and the deviation from the solid curve 1s the terrain loss at any glven
distance. At lower elevation angles and for simller terrasin conditions
the alrplene was not detectable. It 1s apparent that the losses due to
the terrain over which the noise propagates has an important effect on
the distance of detection for low flying airplanes. At elevatlon angles
higher than 0.7°, however, detectlon was possible at distances up to
about 10,000 feet. This result is in qualitative agreement with the
findings of reference 9, wherein it was noted that a nolse source at a
higher elevation could be detected at a greater distance.
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Since it was noted that these losses were a function of the type of
terraln over which the nolse propagated as well as the elevation angle,
an attempt was made by the method Just outlined to establish approximate
values of k for a range of these two varisbles. The results are given
in figure 22 for elevation angles % ranging from near O° to about 5°.
Only a few data polnts are available for conditions where the terrain
intervening between the source and the receilver was either open or
heavily wooded. These datae polnts were used to define the small hatched
and cross-hatched areas. The large hatched region encompasses data
polnts from test conditions intermediate between these two where the
terrain was noted to be partly wooded and partly open. As an estimate,
the partly wooded terrain had about 10 to 25 percent of the density of
vegetation existing on the heavily wooded terrain. Also shown for com-~
parison is a small heavily shaded region which 1s estimated from measure-
ments made in reference 10 for propagation at low elevation angles over
greassy terrain. The k-values of figure 22 should be used only as an indi-
cation of the order of magnitude. They are, however, consistent with
the measurements of references 6 and 11 for a wide range of terrain con-
ditions, including some which are similar to those of the present tests.
As = matter of interest, at low elevation angles the propagation losses
could vary from approximately O to 10 decibels per thousand feet for
terrain which veries from open to heavily wooded.

It should be noted that there appeared to be no extreme temperature,
wind, or turbulence vaeriations during any of these tests. Consequently,
the scatter observed here is probably less than that which would be
observed under more extreme atmospheric conditions. Caution should
also be exercised 1n extrapolation of these data for other conditions
having different types of vegetation.

Factors Affecting Aurel Detection

By meking use of the findings of the present studies it is possible
to relate the factors which are most significant in the aural detection
of alrplanes by ground observers. The nature of this problem is illus-
trated by figure 23, in which are related such parameters as airplane
external noise level, ambient or background noise level at the observer
station, and the phenomensa involved in noise propagation from source to
observer.

Noise levels in decibels are shown as a function of distance 1
for both an unmodified sirplane and one which was modified to reduce its
external noilse by about 18 decibels. The levels measured at a distance
of 1,000 feet were used in evaluating equation (1) for the distances 1
of the figure. These results for both the unmodified and modified air-
planes are given by the solid curves for k = 0. The airplane noise
levels are those in the 150 to 300 cycles per second band, and for this
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frequency range the so-called atmospheric losses are negligible, as indl-
cated in figure 19. Thus, the solid curves apply directly to the case

in vhich the elevation angle 7 1is sufficiently large that the terrain
effects are negligible; for the partly wooded terrsin conditions (fig. 22)
the corresponding elevation angles v are of the order of about T° or
larger. If Xk = O, then the noise levels decrease 6 decibels with each
doubling of distance, and en 18-decibel difference in the external noise
levels of the two airplanes corresponds to a factor of about 8 in the dis-
tances at which the same noise level will be obgerved. It follows then
that, if detection is possible up to the distance where the airplane

noise is equal to the background noise level of 33 decibels, the detection
distances are about 17,000 feet and 150,000 feet, respectively, for the
modified and the unmodified alrplanes. If the aircraft were flown at
lower altitudes 1n order to minimize detection, then the propagation loss
coefficient k would no longer be zero.

For instance, if it i1s assumed thet k = 0.5 decibel per thousand
feet, equation (15 would give the dashed curves in both cases. The
shaded region between the solid and dashed lines is an indicatlon of
the losses incurred from the effects of terrain. It can be seen that
these losses are equal for both airplenes at equal distances, but the
resultant effects are larger for the unmodified airplane because of the
greater dlstance over which the nolse travels. As a result, the detec-
tion distances are, 1ln this case, about 9,500 feet and 30,000 feet,
respectively, for the modified and unmodified airplanes. These results
are consistent with those observed in the present tests and thus would
apply for an environment such as that encountered in these tests. Thus,
it can be seen that although the detection distance 1s greater for the
alrplane having the highest external noise level, thilis difference is
not as great as would be predicted on the basis of there being no pro-
pagetion losses.

So far, only one example background nolse level has been considered.
If the background noise level were changed from 53 declbels as noted
during the tests at West Point Municipal Airport to 54 decibels as noted
at Langley Field, the detection dlstances would be about 1,500 feet and
8,500 feet, respectively, for the modified and the unmodified alrplanes.
In this comparison the difference in background noise level at the
observer can be seen to be very significant in reducing the detectlon
distance. In fact, & 2l-decibel increase in the ambient noise level in
the cbservation area is equivalent to a 2l-decibel decrease in the exter-
nal nolse level of the alrplane.

In the summary of figure 23 1t should be noted that a reduction of
the externsl nolse level of the airplane or an increase of the background
nolse level at the observer statlion wlll meke aural detectlion more 4iffi-
cult. It should also be noted that propagation losses are significant,
particularly for long distences and small elevation asngles, and should
not be overloocked 1in an analysils of this type.
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CONCLUSIONS

Noise measurements and ground-observer listening tests for an
unmodified slngle~engine alrplane and for one which was modified to
reduce 1ts external nolse indicate the following conclusions:

1. Modifications to the propeller and exhaust system of the air-
plane resulted in overall noise-level reductions of approximastely 15 deci-
bels at cruise power and 20 decibels at take-off power. Engine exhaust
noise seemed to be the mein component at cruise power, whereas the pro-
peller noise was the main component at take-off power.

2. The modified airplane was not so easily sudible to ground
observers as was the unmodified alrplane. For the particular environ-
ment of the present tests, in which the background noise level was
about 40 decibels, the unmodified airplane wes detected at distances
on the average about twice as great as those for the modified alrplane.
These differences are less than would be predicted on the basis of the
assumption that there were no losses of energy caused by the effects
of the atmosphere and intervening terrain.

3. Losses due to the terraln over which the nolse propagated were
noted to have important effects on the distance of detection for low-
flying airplanes. At low elevation angles, propagation losses from
neaxr O to sbout 10 decibels per thousand feet were estimated for terrain
which varied from open to heavily wooded.

4. Three significant related factors in the aural detection of =zir-
craft were noted to be: the external noise level of the alrcraft, the
propagation phenomens peculisr to the terrain over which the noise
travels to the observer, and the ambient noise level at the location of
the observer. '

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., August 14, 1958.
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TABLE I

CHARACTERISTICS CF THE UNMODIFIED AND MODIFIED

ATRPTANES FOR BTATIC GROUKD TESTS

Mrplane Propalier Engine
r of Ground Tip
Configuration |OPeTab blades, Dismmater, D, clearanca, fpeed, | otational [F¥e*:  Fo,[8peed, N, lGear | mynayst system
conditi B £t £6 rpom Mach no. hp om ratlic
Cruise Four ejector
pover 3 11 0.96 [1,100 0.56 300 1,650 ef3 exhiist, ports
{three exhaust
Unmod{f1ed two cylinders
~ each and one
Tale-off 3 1, 96 11,500 STT 600 2,280 2/3 exhausts three
powes cylinders)
Cruipe Collegtor ring
5 12.0 h2 550 31 300 1,630 | 1/3 |7 v wwin
Modified eaxhaust
mifflers
Take-of s 5 12.0 e 750 B 600 2,250 | 1/3

Lech NI VOVN

LT




I

BROAD-BAND NOISE MEASURED ON A SINGLE-ENGINE ATRPLANE AT A

Noise levels, decibels

Azimuth
avgle, W 120 to] 75 to |150 to [300 to | 600 to 1,200 to |2,400 to | 4,800 to
¢ee  PVErd&Llbrs cps 150 eps {300 cps|600 cps {1,200 cps|2,400 cps|h,800 cps|10,000 cps
Unmodified alrplane

0 116 | 104 108 107 110 108 104 110 96
210 120 112 114 110 112 112 110 106 106
240 121 113 115 115 117 113 107 104 a7
270 120 116 112 115 115 11k 108 106 104
300 116 | 102 110 110 110 110 98 98 96
330 115 98 108 106 112 104 98 8 92

Modified alrplane

0 96 82 50 ol 92 8 85 $5) 82
30 96 82 90 88 83 78 85 87 8l
60 93 8l 83 86 8 7 8l 85 80
0 9k B4 87 85 8L 80 87 87 82
120 96 86 86 86 86 8L 88 88 87
135 97 88 89 89 89 81 86 87 86
225 91
240 97
270 ol
300 95
330 o7

QT

LECH RL VOVN




NACA TN 4337 19

TABLE ITI

ERQOAD-BAND NOISE MEASURED ON A SINGLE-ENGINE ATRPIANE AT A
DISTANCE OF 50 FEET FOR CRUISE POWER CONDITIONS

Noise levels, decibels

Azimuth
angle, ¥, |, 11|20 o | T5 to [150 to 500 to | 600 to (1,200 to |2,400 to | 4,800 to
deg T5 cps|150 cps|300 cps|600 cps|1,200 cps(2,400 cps|k,800 cps|10,000 cps]
Standard (3-blade propeller, ejector exhaust ports)
o} 108 ok 103 101 103 a7 & &
210 110 97 105 105 105 g1 85 85 5
2ho 112 106 108 104 104 100 gl 92 82
270 110 1ok 106 100 98 90 90 86
300 106 97 100 100 100 ok 88 as as
330 108 92 100 104 102 Sl 86 82 76

Partielly modified (3-blsde propeller, collector ring twin exhaust ports)

0 10%
30 10k 9L 01 99 93 & 86 86 a
60 106 93 103 101 91 9 81 87 &
90 107 96 10k 103 98 8 90 89 82
120 108 98 106 1ok 95 88 93 92 a
135 108 97 106 101 ol a4 88 88 8L
225 107
2h0 109
270 110
300 107
330 105

Partislly modified (3-blade propeller, collector ring and twin exheust mufflers)

0 96 87 89 20 a8 8. 8 86 TT
30 96 86 88 90 8 8L 87 871 9
60 96 S0 88 86 83 T8 8 86 8o
%0 98 96 91 87 86 86 8l 8 T8

120 103 102 g0 89 81 8o 88 83 T6
135 98 97 9 88 & 8o (e 82 G
225 9
240 102
270 100
300 95
330 96
Modified (5-blede propeller, gear reduction collector ring end twin exhaust mufflers)

o gl g0 9l 86 84 76 85 a 78
30 ol 90 88 86 86 6 &, & T
€0 94 89 8T 87 85 Il 8l 8 TT
90 96 9L 86 & 88 86 8 8 T

120 95 88 8 88 86 8 86 85 79
135 g 90 91 85 8 T6 85 8 T8
225

2ho 95 88 90 91 88 85 86 86 T8
270 96 90 91 87 89 86 86 8 TT
300 96

330 95
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Undex
engine
cowling

\4

Koise levels, decibels

Azimth angle,

TAELE IV

AT A DISTANCE OF 50 FEET FOR TAKE-OFF-POWER CONDITIONS

Sl ol o ol el A

Unmodified (5-blede propeller and ejectar exheust ports)

Engine

RARROW-BAND ANALYBES OF NOISE MFASURED OF A SIMNGLE-ENGINE ATRFLANE

Harmonic

Propeller

cps

Koige

conponent

fraquency,

78994 (98554 | 84859 | N8558 | 53397
{868 | BHRYR | BYERR | GRRRY | FRIGR R M PRSI IS i8I [8EEIRL LR TR
1485 | | REEEE | 4E8BR | §585E | Rekyk mut |eERe|seR |} o8y | d15e] 1] ie]|]10]]
IR8 | | RERYH |Rg |05 | §RE0E | 5BAYG 3 wﬂm |4RS2 |3 |8E] (B3RS (KOG 1R[] B[ 1}E})
{8848 | 45R5R | 858 (5| Rgug|8RE |3, |} 3 |888%| | 18] [BR 11} |B]]{8|{{|8]] iR}
35 18| 1558 | |Ra%5R| FaRRY | Rghgd m m.@.w BISE B[]S I8 {18
{BRge | BERDN | dgRnd | RRORY) KFRBY m m.@wm {R3s8 RIS IS L8] [1R| []{8]]1ir]!
|88Y8 | RgBLA | Rgacr | soneR | RaneR | | <|§|d| (eses|eisa | Ry (e R] R[]
| B3 | | REERR | 58S |5 4R 0G| B |30g R|g| 1888k EerS | IBER] R} S8 P
|2852 [sgade [ngesn | gRgas| vaags WWM eede e (nee (LR [E1 1] 1119][11%]]
{R18 ]| 85| | 5883 | §8R4T & |8% EiF jReae] | (88| (B[RS [R]]]1e]]
1898¢ 28958 | g5883 [ gannyg | sRagH g NN G
st AN EELCEIEEEERIEELCU mm m Aan xlee sofogdye| 408 [ 599RH [0 4R

i

i

EhaQr | adorn|donng | QEnag| sy QE

ARRER ) JnR%% | RHRNY | RARRE| RiDsE

rnaae | magae [ Logor jenacal pnagr:

AR R FEREE| R R

frequancy,

cps
18
%
62
kel
93
2
125
1
50

Hoise
component

20
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TARLE ¥

NARROW-BAND ANALYSES OF NOISE MEASURED ON A SINH.E-ENGINE ATRETANE

AT A DISTANCE OF 50 FEET FOR CRUISE-POWER CONDITIONS

§3| |msmms | 2mans |anees |ganes gn s
R| | 11158 |985ns | 88588 | 5ab |4 |so088 Rl | 1ersy [8esas (sseae |8 (oes ||
8| | 1e1ng|8na%8 | 8858 | 888 14 92855 %] & [ 1cE83 [gsass [se8ec |[oEFEs | TTETE
B | 1R8] s%eem | 26882 | Hests |ssans §|J| 180ee |Boana | aobe | [8858E erape
m % k 12 |36 | HEEES | BRGE | | REB R | S8 55 m 2|2 | 18902 |83uas | sRBES | 53888 |Suas |
- 1Y 8| =
g ol m 18 189 | d9B2Y | 5883 | RELAN | BAERY 5 5|2 | 1280y |850cs |sass |saven | creas
. w_w 3| 1858 | 8RERE | %488 | | 48885 | 555 . mmm |EESE | 18888 | R 1622 | LBSHY | 18121
g g | 5848 |saaks 588 || |4 (88| |68 | " HRE5 | 82585 | Kosss | 2R83R 28 |2
EIF1E g K |99 ] EEIR _
%] 4| |58%s] 6g8ss | ness || sesas| a8 |8s % -] (9238 (80828 | R | 520 (8 K58 [ |8 |28
3| 8| 18038 | 85588 | KoBse| 5 |BLs| | 1858 AHIETT N EEEE N
MI [ — [} m m _ 1 [ 1 1 [
o] _ “ L )
Wm 8 lal|eazae|vnes || so8an| ssase R|4| iEres | 3855 | nessr|ssras| locee
o S| 12e8e| 8888 | [ snery| ¢88es| 8k 10 o|X| 11158 |6a5R 1| 28828 | Ras8| 1R8dE
.M ~
: 3
mm M Hanen| 0roog | 4yngn| 9ES9]| HNRAS mm m damenorong | gansn 4928 | ANRAR
m q In}
W O00AO | OoOoNOCO | OMOOVO| #000IN| Coowo w _"w W O0O0AO | 0O0ONDO | OMOOC | 400O0ON| OOOWVWO
i
utms unge| nneen|ngann ganng| anmaa umm. QRNQY | NMQIR | MR NN | QUK | Qg
2gpf | |waee| Susin| dsnd| oude) aiagR | dppt | | PN4N|aRdnn| 49284 | daGer| dAR
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TABLE V.- Concluded

HARROW-BAND ANALYSRS OF NOISE MEASURED OK A SINGLE-ENGINE AIRPLANE
AT A DISTARCE OF 50 FEET FOR CRUIBE-POWER CONDITIONS

Koise Earmoglc Kolse levels, decibels
component
frequency, Propeller Eogine Azimpth engle, ¥
i | i [ oo [a [ [ [ [0 [ [0 [ o
Partislly modified (3-blade propeller, collector ring, and twin exhaust mufflers
13.8 0 1 | e |- - — - T - - — -
27.5 o 2 68 } 12 |16 |18 80 & 76 iy 1% 12 68
1.3 o] 3 68 | 68 |71 | -- — - — - -— — -
55.0 1 & &2 | & 186 1o 97 91 9% 95 92 83
68.8 o 5 ™| 7% |78 |18 - 9 - - - - (¢
82.5. o 6 2172 |- {7 - T &} - Y& T 7L
96.3 o 7 E 75 | 8 | 8 8 8 8 a. & 8 61
110.0 - 2 8 8 117 |79 8 6 & 86 82 86 83
125.8 o 9 76t 72 |12 |76 T 6 i1 78 7 ™ (£
137.5 o 10 [:] 68 68 -— - -~ - - -— -
513 . o 1L |17 [T3 |™ T T2 - - 16 > -
165.0 3 12 86| & |15 |1 73 Xy 87 & 82 77 et
178.8 0 13 -] == T2 17 - 12 - -~ ™ T 3
192.5 o k1 T T® - -— -— —_ - - —-— - -
206.3 [+] 15 69 | 69 | = | -= - — - - — - -—
220.0 13 16 8 80 Ta 68 — T 86 80 &2 80
235.8 0 17 -~ 68 | -- - — - -— - - - —
247.5 0 18 |69 | - |68 ] - 68 -- - T2 -
261.3 [¢] 19 - - - - _— — -— — - - -—
273.0 5 20 83 B 712 |70 - 6 86 & "] 8L 8
288.8 0 21 - - - -— -— - - - -— — -—
302.5 [ 22 | 67 | - | -- - 65 - - - - -
316.3 0 23 S I e R T e e -—
330.0 6 2h %) ™8 |65 | — - ™ 85 ™ 8 7 Kid
343.8 o 25 e | e} e - - - - - - - -
Modified (5-blade propeller, gear reduction, collector ring, and twin exhaust mufflers)

13.8 0 1 [ N - - - - - - - -
E’?-g g § 65| 68 {15 | 718 82 a T 78 T6 ™ 76

1. O R - - - - - - -
k5.8 L Bl |16 | ™ T - T9 75 6

55.0 0 b -1 69 | 68 |17 76 &8 79 19 T T3 76
68.8 o 5 ~—|l |16 |1 %6 g 78 T2 75 (i}
82.5 0 6 =] - { T } 72 TL i ™ - K] - ™
91.6 2 Ty 1T - | - - - - 88 - - g
96.3 [} T -— a1 & 8 80 & & - & 83
110.0 o 8 6| -] T2 |- T T T - 69 (] k£
125.8 Q 9 0| TR 15 7 I T 63 i
137.5 3 10 %) 13) 71 |12 68 ™ 16 871 T T2 )
151.3 0 1 &gl B|™ |13 69 ™ 76 16 76 3
165.0 0 12 - | 67T | 67 63 63 - 68 -—
178.8 0 13 — ] 15 - ]= - — - [ 75 -—
185.3 b 19| 62 | 16 | 69 70 73 76 & 76 ™ 75
192.5 0 1k T2 - y&] - - T T » Ta
206.3 0 15 ) 66 | 67 | -- - 67 ] - 69 -
220.0 [+ 16 T T T2 - T n - TL 69 T -
229.2 5 ™) T2 | 2| 6T 69 70 76 T - 67 -
253.8 0 17 -— 68 | == - - - — - 76 T0 -
247.5 o 18 691 T | 63 | Th T T - ™ (3 T 76
261.3 g 19 prall il B 68 = - % -— H '-(-u -—
275.0 20 T i1 D T T -
268.8 o = -1 6| — | < - - - - 66 | 68 | --
302.5 (] 22 66| T& 67 | —- - -~ - i eX 67 T2 -
316.3 0 23 T R - - - ™ - —f -
320.8 ki 681 TL | 67 | -~ - -~ - - - T2 -
330.0 1} 24 ] =]~} - - - .- - 69 (] -
343.8 [+ 25 —] e} e} -- - - - - - 68 -
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TABLE VI

ATRPLANE DETECTION DISTANCES FOR THE CRUISE CONDITTON AS DETERMINED EY
THE FIRST SET OF OBSERVERS (VH, AS, and BEM)

IDtetance Maximm distance of detection, x, £%
Atrplane (AITPLEDE oy ver| from  |Flight
configuration a.lté:ude, locetion|cbserver,|hesding] Observer VE Observer AS Observer BY
¥, £t Initiel |[Texminal |Tnitisl Initial |Terminal
Modified 300 A o Bast |-4,730 | +6,700 {4,900 | +6,200 [ -5,720 | +8,160
-1,000 | West |+4,5T0 | -6,700 [+4,900 | -5,060 | +k,890 | -T,670
-2,000 | East |-4,280 | +7,180 [-4,080 | +5,060 | -3,100 | +5,710
-3,000 | West |+6,360 | -7,180 [+5,550 | -5,870 | +k,900 | -7,670
-4,000 | Bast |-7,020 | +5,720 |-%,410 | 43,920 | -%,900 | +8,160
Y -5,000 | West |+7,180 | -6,080 |+7,350 | -L,k10 | +8,%80 | -5,720
B 0 Fast }-6,860 | +6,530 (-3,260 | +6,200 [ -4,570 | 8,970
1,000 | West |+7,840 | -6,210 {+2,600 | -5,050 | +9,780 | -I:,080
2,000 | East [-8,980 | +6,700 |-1,630 [ +6,T00| -2,930 | +T,180
3,000 | West |+T,350 | -5,720 |+35,430 | -4,k10| 9,300 | -k,880
Y k,000 Eest |-3,100 | +7,180 |-1,630 | +5,060 | meceem | oo —-—
1,000 o East | ~e=me—- +8,380 |-%,800 | +8,820) -7,170 |+10,120
1,000 | West |+8,650 [ -—---- {+8,150 | -6,680 [+10,780 | -T,510
2,000 | East |-9,630 | +7,680 |-7,020 | +9,620| -9,800 [+11,760
3,000 | West |+7,3h0 | -9,620 [+7,510 | -8,000 | +8,480 | -8,650
ll-!OOO East -5,Ti0 +8,000 ~3,550 +7:83° -9,TL0 +85650
¥ 5,000 | West |—--m—-w | -7,180 |45,060 | -7,0201 43,260 | -5,710
A 0o Wegt | —eo—mmm | cmmmee +8,160 [-10,780 fomemeee Jommmmen
~500 | East |-9,300 { +9,h70 [-8,160 | +5,870] -8,650 | +9,%70
-1,000 | West [+9,780 | —-om-- +6,600 | -7,510 [+10,620 | -9,780
-1,500 East -7;830 +9:7&) -9,1h’0 +5,550 '8J980 +7:1&
-2,000 | West W11,760 | -8,000 |+9,300 | -9,780 }23,070 | -8,480
-2,500 Bast | -9,800 | +8,980 [-9,300 | +9,130 [-11,920 | +T,680
310 | Bt 8330 | om0 oo | 220 s [T
i ! 5,000 | West | 4,560 [-1k,5%0 |+7,170 | -5,870 | +5,220 |-10.ké0
) \ Y 4,500 | Bast [=-9,130 | +T,830 |-=mmem {==cmm - | -8;98 |+10,620
(North)
¥
Flight
Path_\
SO (N
/1
_—— e e
1
(West) « x (East)

\ Qbserver

(Soutn)
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TABLE VII Z

ATRPLANE DETECTION DISTANCES FOR THE CRUISE CONDITION AS DETERMINED BY
THE SECOND SET OF OBSERVERS (JM, WM, and GK)

Maximum distance of detectiom, x, ft

Adrplene |AlrRlane jo, Digmce Flight
gerver rom

configuration alté:\ﬂ.e, location| observer,| heading Observer JM Observer W Observer GK
¥, £ Initiel|Terminal |[Initial|{Terminal| Initial| Terminel
Unmodified 1,000 B 0 Weet |+15,200}-10,360 [+13,600]-15,0%0 |+15,T40}-11,100
2,500 { East -9,6701+25,200 |-12,520|+30,390 | -8,250{ +9,000%
5,000 | West |+16,100/-13,770 |+15,200|-19,680 |+1k,150]-13,250
7,500 | Bast |-13,090|+29,900%]-17,870{+26,800 |-1k,480|+11,270%
13,000 | East -4,4801418, 770 |-1%,310|+20,500 | -7,350]+32,000%
22,000 | West | +6,2601-12,000 |+21,500|-15,220 |+36,200(-13, 370%
28,000 | East -4,480!1 +3,220 [-19,660|+12,520%|-——mcae|—ncamnam
300 o} Eest ~T,700 [+22,700 {-18,400{+22,900%] -T,T00|+32,200%
5,000 | West [+13,090}-12,880 |+15,200]-17,000 [+22,500]-11,6%0%
l 12,500 | East ~7,140 |413,420 {-1), 500 |~mmmmanm -5,000|+18, 770
¥ V 22,000 | West -1,252| -5,740 o 0 ||
Modified 300 A 0 Bast -5,870| +8,000 | -4,890]| +7,340 | -5,480] +8,650

o] West +9,780| -8,160 | +8,9801 -8,160 {+12,900| ~7,840
-2,500 | East -7,520 [+12,410 | -T,340]| +9,780 | -6,0401+10,290
-5,000 | West 49,7801 -9,780 |+10,620|-11,4%0 | +6,860|-10,620
~7,500 | Best | -8,660] 49,630 | -6,530! +7,8%0 | -7,670( +8,160
-10,000 | West 45,720 -8,160 | +6,530| -T,180 | +7,340| 8,980
-12,500 | Bast | -2,450} +4,80C | -9,800} +3,800 | -5,870| +5,060
~15,000 | West -2,610} -5,220 | -2,280)-12,240 | +6,030| -7,520

B o West -6,030| -6,210 | +8,480]| -7,670 } -8,980] ~8,650
2,500 | East -4,080] +8,160 | -3,920| +7,020 |-1k,700} +7,670
5,000 | East -2,610 [+11,260 | -5,720] +5,720 | -4,240(+11,260
T,500 | West | +5,720| -4,%10 +2,'(z)70 -5,320 +5,3%0| -7,160

10,000 | East -978| 45,380 -1,960} +8,3%0

12,500 | West 0 o 0 o) +3,260{ -3,590

{ 15,000 | East 0 0 0 s -978| +2,280
1,000 0 Bast -8, 820 |+11,600 | -8,660}+12,570 | -9,630|+12,900

2,500 { West [+17,450[-10,290 [+13,390(-10,78C [+15,350| -7,830
5,000 | Eest -6,014-0 +12,730 '6;370 +:|.6,000 -1%,390 +6,ﬂ0
7,500 | West (+15,350| -7,520 [15,500(-10,780 |+12,250|-11,590
Y 10,000 | Bast | -2,9%0| 6,370 | -2,610] +4,240 | -5,080 [+16,800

A 0 East -6,030 [+11,100 | ~7,340 {+12,410 |~-=-ceu|~mmmeman
0 West +8,9801-13,060 |10,450(-10,780 | +9,9601-10,290

. ~2,500 | EBast -9,800}+11,920 { -9,320 |+11,920 |-11,750 |+12,250
-5,000 | West | +8,k50}-13,560 | +6,370[-12,900 |+12,080}-11,600
{, \ ~7,500 | Bast ~7,020 |+12,900 | -7,340 }+10,940 [-12,570 |+10,930
-10,000 | west . | +9,800)-—--~—- +8,980( -7,340 |+11,430)-10,610

#jpircreft mede turn for next pess before observer could obtein terminsl distance.
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Figure 1.~ Modifled airplane. L-5T7-2890.1
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(b) 12-foot dlameter, five-blade propeller of modified airplene.

Figure 2.- Blade-form curves.
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Flgure 3.- Schematic diagram of englne exhaust muffler.

LecHh NI VOVN
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Figure %4.- Sample narrow-band analyels of airplane noise. Unmodified airplane;
engine speed, N = 1,650 rpm; azimuth angle, ¥ = 90°; distence, 1 = 50 ft;
Pilter-band width = 5 cps.
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Flgure 5.- Audiograms of obeervers used for listening tests.
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J -O~ Averagse hackground nolse levels during
o Q. ground runup tests at Langley Fisld, Va,
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Figure 6.- Octave-band freguency analysis of background noise during noise measurement tests at
Langley Fleld, Va.
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—O— Averoge background noise levels during listening
60 fests ot West Poinf Municlpal Airport

—— — Eorly morning noise levels on Virginkh coast
75 feet from beach for light surf

Amblent nolse In nature (ref. 5)

Leeh NI VOVN

\\.\
"\\ ‘
\\
(1]
E N
B \\\
-
iy . \\
T 30 [~
$ N
3 >
z
20
Broad band’
hearing threshold-—
10
| J I i
0 20 75- 150~ 300" 500" 1200~ 2400~  4800°
75 150 300 600 1200 2400 4300 10000

Frequency bonds, cps.

Figure 7.~ Octave-band frequency analysis of background noise during llstening asnd nolse measure- ol
ment tests at West Folnt Munieipal Airport. ~
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NACA TN L4337 33
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Figure 9.- Aerial photograph of the terrasin near the West Point

Municipal Airport. Numbers designate runways and letters designate
observer stations. (Picture taken from a 10,000-foot altitude
looking east, northeast.)
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Figure 10.- Comparison of overall noise levels at various azimuth angles for the unmodified end
modified airplenes et the teke-off-power condition. P = 600; 1 = 50 feet.
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Flgure 1l.- Comparison of the octave-band nolee analysis for the unmodified and modified air-
planes at a distance 1 = 50 feet in the plane of the propeller for take-off-power
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Figure 12.- Compaxison of overall noise levels at variocus azimuth angles for the ummodified and
modified alrplanes st the crulee-power condlition. P = 300; 1 = 50 feet.
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Figure 135.- Comparison of the octave-band nolse analysis for the unmodified and modified air-

planes at a distance

1 = 50 feet

in the plane of the propeller for cruise-pover conditions.
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Figure 14.- Overall noise levels on the ground for both unmodified and modified airplanes
during “fiy-over” at cruise conditions and at an altitude of 300 feet.
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Figure 15.- Noise spectra of modifiled airplane during cruise flight at two alitiltudes. Curve
for umodified ailrplane during crulse at 1,000 feet sltitude included for comparison.
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Figure 16.- Octave-band frequency analysis of nolise from modified and unmodified sirplanes

during power-off glides. 1 = T5 feet.
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Figure 17.- Detectlion distances as determined by ground cbpervers for the unmodifled airplane.
(80lid eymbols indicate points of initial detection.)
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Figure 18.- Detection distances as determined by ground observers for
the modified airplane. (Solid symbols indicate points of initial

detection.)
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Figure 18.- Concluded.
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Figure 19.~ Atmospherlic attenuation as a function of frequency In octave bands.
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